cer claimed more than half a million lives and cost $228.1 billion, including $93.2 billion in direct medical costs. 1, 2 Cancer-related expenditures are expected to grow faster than any other area of health care. 3 As the number of people in the United States affected by cancer increases, per-patient costs for cancer treatment have increased markedly. Most emerging cancer chemotherapeutic agents cost more than $5000 per month of treatment. 4 Most patients with cancer are enrolled in Medicare, and the policies of Medicare not only directly affect the health expenditures of Medicare beneficiaries, but also indirectly influence the coverage policies of private insurers and Medicaid programs. 5, 6 In 2003, the Medicare Prescription Drug, Improvement, and Modernization Act (MMA) reduced reimbursement for cancer chemotherapy. The MMA was enacted in response to substantial disparities between costs and reimbursement rates for cancer drugs, after investigations by the US Department of Health and Human Services and other government entities. [7] [8] [9] Although the reductions in reimbursement sparked concerns about access to care, overall access to specialty care, 10 and specifically to cancer treatment, was not adversely affected in subsequent years. 11 A possible explanation for unchanged access in the presence of reduced reimbursement for chemotherapy is substitution of other types of medical services. 11, 12 For example, costs for diagnostic imaging are among the fastest growing Medicare expenses. 10 The types and costs of imaging, including costly new imaging modalities, among Medicare beneficiaries with cancer have not been examined previously. Therefore, we studied changes in the use and costs of imaging and examined how those changes have influenced the cost of cancer care.
METHODS
We obtained administrative claims data for a national 5% sample of Medicare beneficiaries for 1997 through 2008 from the Centers for Medicare & Medicaid Services (CMS). The data include inpatient, outpatient, carrier, skilled nursing facility, home health, hospice, and durable medical equipment claims and the corresponding denominator files. Medicare inpatient files contain institutional facility claims covered under Medicare Part A, and outpatient files contain claims by institutional outpatient providers (eg, hospital outpatient departments, ambulatory surgery centers). The carrier files contain provider claims for services covered under Medicare Part B, and durable medical equipment claims include medical equipment purchased for use in a patient's home or an institution serving as a home. The denominator files contain beneficiary identifiers, sex, race/ethnicity, birth dates, dates of death, zip codes, and information about program eligibility and enrollment. The institutional review board of the Duke University Health System approved this study.
Study Population
The study population included Medicare beneficiaries living in the United States for whom a diagnosis of breast cancer, colorectal cancer, leukemia, lung cancer, non-Hodgkin lymphoma, or prostate cancer was listed on an inpatient, outpatient, or carrier claim between 1999 and 2006 (eTable 1, available at http://www.jama.com). We chose these cancers because of their high prevalence among elderly patients and the routine use of imaging in their diagnosis and staging. We used the 2007 and 2008 claims data for ascertainment of follow-up resource use and costs only. We defined the date of disease onset as the date of the earliest observed cancer claim. For a case to be considered a new-onset or incident case, we required beneficiaries to be eligible for fee-for-service Medicare for at least 2 years before the date of disease onset and to have no claims for any type of cancer during that time. In addition, we required that beneficiaries have at least 1 additional claim for the same cancer type within 60 days of the first claim. We limited the sample to beneficiaries aged 67 years or older to minimize the risk of misclassifying prevalent cases as incident. Inclusion in the analysis was conditional on survival for at least 60 days from the date of disease onset.
Diagnostic Imaging
We measured the number of imaging procedures undergone by each Medicare beneficiary by counting the number of diagnostic imaging claims in the 2-year period after disease onset. We organized claims for imaging into 8 categories: bone density studies, computed tomography (CT), echocardiography, magnetic resonance imaging (MRI), nuclear medicine, positron emission tomography (PET), radiography, and ultrasound (eTable 2). To avoid double counting, we included only global and professional claims (ie, those containing Healthcare Common Procedure Coding System [HCPCS] modifier code 26). We counted CT scans that were concurrent with PET scans as PET scans.
To obtain 2-year diagnostic imaging costs, we summed line-item Medicare reimbursement amounts from all outpatient and carrier claims with a Current Procedural Terminology (CPT) code or HCPCS code for an imaging procedure (eTable 2). Before the implementation of the Medicare Outpatient Prospective Payment System (OPPS) in August 2000, line-item payment amounts were not available for outpatient facility claims. To estimate lineitem payment amounts before this date, we obtained the average nonzero payment for each line-item imaging claim paid in 2000 under the OPPS system (August through December 2000). We then matched these values by CPT or HCPCS code to pre-OPPS 1999 and 2000 line-item claims, adjusting for inflation as needed. Eleven codes were not present in the post-OPPS data, representing 0.3% of imaging claims in the pre-OPPS period. We set the payment amounts for these claims to zero.
To place diagnostic imaging costs in the context of total Medicare spending, we obtained 2-year costs to Medicare for each beneficiary by summing the Medicare reimbursement amounts recorded on each inpatient, outpatient, home health, skilled nursing, hospice, durable medical equipment, and professional service claim. We report all cost values in 2008 US dollars.
Statistical Analysis
For characteristics of patients in the incident cohorts, we present categorical variables as frequencies and age as a continuous variable with medians and interquartile ranges. Medicare beneficiaries report race/ethnicity at the time of enrollment. In this analysis, we used the categories black and white and combined all others and missing values as other/unknown. 13 We identified comorbid conditions using validated coding algorithms. 14, 15 Specifically, we searched all inpatient, outpatient, and carrier claims for 365 days before the date of disease onset for evidence of cerebrovascular disease, chronic obstructive pulmonary disease, congestive heart failure, coronary heart disease, dementia, diabetes mellitus, hypertension, peripheral vascular disease, and renal disease (eTable 3).
We tested for associations between each categorical variable and the year of diagnosis using Cochran-MantelHaenszel 2 tests (row mean score statistic), stratifying by cancer type. We used an analogous test for continuous variables (ie, the Kruskal-Wallis test) to test for associations between age and year of diagnosis, stratifying by cancer type. We tabulated imaging rates as the mean number of imaging procedures per beneficiary by year of diagnosis in the 2 years after diagnosis from 1999 through 2006. For each cancer type and year of diagnosis, we calculated the percentage of total costs attributable to imaging procedures and plotted the percentage of beneficiaries who received 1 or more procedures in each imaging category.
We express changes in imaging rates as mean annual rate increases in the number of procedures per beneficiary from 1999 through 2006. We express changes in costs as mean annual rate increases in costs per beneficiary from 1999 through 2006. We estimated the mean annual increases separately for each imaging modality by using a generalized linear model with a Poisson count distribution and log link 15 for counts and a log link and normal distribution for costs. All generalized linear models controlled for age, demographic characteristics, and comorbid conditions. We obtained mean annual rates and corresponding 95% confidence intervals through exponentiation of the estimated coefficients and 95% confidence limits associated with the year of diagnosis. We used SAS version 9.2 (SAS Institute Inc, Cary, North Carolina) for all analyses, and we considered P Ͻ .05 to be statistically significant.
RESULTS
There were 100 954 incident cases of breast cancer, colorectal cancer, leukemia, lung cancer, non-Hodgkin lymphoma, and prostate cancer from 1999 through 2006. Median age at incidence was 76 years (interquartile range, 71-81) from 1999 through 2006, and a little more than half of the patients were men. The percentages of men and black patients remained similar during the study period. With the exception of congestive heart failure, the frequency of comorbid conditions increased over time. Diabetes mellitus and hypertension had the greatest increases, from 20.0% to 27.1% and 56.0% to 72.2%, respectively (PϽ.001 for both comparisons) (TABLE 1).
The mean number of imaging procedures per beneficiary during a 2-year period varied substantially by modality and cancer type (TABLE 2) . Patients with lymphoma or lung cancer underwent the largest number of imaging procedures. By 2006, the average patient with lung cancer had 11 conventional radiographs, 6 CT scans, a PET scan, a separate nuclear medicine test, an MRI, 2 echocardiograms, and an ultrasound, all within 2 years of diagnosis. Similarly, the average patient with lymphoma in 2006 had 8 conventional radiographs, 6 CT scans, a PET scan, a nuclear medicine test, an MRI, 3 echocardiograms, and 3 ultrasounds within 2 years of diagnosis.
In each subset of cancer type, the number of PET scans per beneficiary increased at a mean annual rate of 35.9% to 53.6%. Patients with lung cancer or lymphoma had the largest increase in PET use, accompanied by an overall reduction of conventional nuclear medicine imaging tests in both cancer types and stabilized CT in the lymphoma group. Increases also occurred in the use of bone density scans (6.3%-20.0%), echocardiograms (5.0%-7.8%), MRI (4.4%-11.5%), and ultrasound (0.7%-7.4%). Use of CT increased in all cancer subgroups (4.5%-7.6%) except lymphoma. Use of conventional radiographs decreased or stayed the same in each cancer subgroup but remained the most heavily used imaging modality for all diagnoses, at a mean of 4.3 to 12.2 procedures per patient (Table 2) .
Trends in the use of 1 or more imaging procedures per patient (FIGURE) were consistent with mean imaging rates per beneficiary (Table 2) . Most patients (80% to 98%) received at least 1 conventional radiograph, with roughly 80% of patients with prostate cancer and 98% of patients with lung cancer receiving 1 or more radiographs. Roughly 90% of patients with lung cancer or lymphoma received a dedicated CT scan, not including PET/CT. The percentage of patients with breast cancer who received 1 or more bone density scans more than doubled between 1999 and 2006 from 16% to 37%. By 2005, roughly half of patients with lung cancer (57%) or lymphoma (46%) underwent PET.
Overall 2-year costs per beneficiary increased annually for all cancer types at a mean annual rate of 1.8% to 4.6% 3 suggesting that our study population represented the majority of cancer costs borne by Medicare beneficiaries. We found that the use of diagnostic imaging increased among all incident cancer cohorts from 1999 through 2006. Use of the newest imaging modality, PET, increased most markedly. These findings are consistent with other studies, which have consistently documented a rapid increase in the use of imaging among Medicare beneficiaries and other populations.
10, [16] [17] [18] In our study, the cost of cancer care increased 1.8% to 4.6% per year, with imaging growing at 5.1% to 10.3% per year. Thus, imaging represented a larger share of total costs in 2006 than in 1999.
Although there is little debate that imaging use has increased rapidly, there is less agreement about what the increases mean for Medicare beneficiaries and the Medicare program. Concerns have included the high profit margins associated with imaging, payment incentives for imaging, and the notion that rapid adoption of new medical devices and imaging technologies may be influenced by US Food and Drug Administration approval requirements that are less stringent than requirements for new drugs. 5, 10, 19, 20 Advanced imaging services are among the most frequent sources of competition among hospitals and physicians, 21 and the use of advanced imaging appears to be additive in nature rather than a substitute for conventional imaging methods. 22 However, advanced imaging methods, such as PET, have been used to assess early response to costly biologic therapy in breast cancer. 23, 24 Likewise, imageguided biopsy is more cost-effective than surgical biopsy in the evaluation of abnormal mammogram results. 25 Some researchers have suggested that increasing imaging rates reflect the greater value of health care 26 or an enhanced ability to help patients. 27 Positron emission tomography is particularly noteworthy for its expansion of reimbursement and its potential impact on care and outcomes. A study of a large private insurer in California from 2000 through 2004 found a nearly 4-fold increase in PET use. 18 We found a 6-fold to 14-fold increase in PET use among Medicare beneficiaries with cancer during the same period. This rapid increase is largely due to the expanding number of indications for PET since the technology was approved in 1998 for the characterization of single pulmonary nodules and initial staging of non−small cell lung cancer. 28 Use of PET in colorectal cancer and lymphoma was initially approved in 1999. In 2001, use of PET was expanded to include diagnosis, staging, and restaging for colorectal cancer, lung cancer, and lymphoma. In late 2002, PET was approved for staging and restaging for locally advanced or metastatic breast cancer. Early rates of PET use correlated with the timing of Medicare approval for each cancer type. In January 2005, Medicare approved the use of PET in all cancers, provided the use was part of a prospective clinical trial designed to aid in care management. The 2007 National Comprehensive Cancer Network task force report on PET/CT use in cancer recommended the use of PET in lymphoma, nonmultiply metastatic non−small cell lung cancer, and locally advanced or suspected metastatic breast and colorectal cancers. 29 For patients with these cancers, the proportion of patients receiving 1 or more PET scans increased substantially between 1999 and 2006.
It is unclear whether the rapid increase in use of advanced imaging is a result of the novelty of the technologies, better outcomes, or a shift to new revenue sources after the enactment of the MMA. Previously observed patterns of technology diffusion may offer some insight into the dynamics of advanced imaging modality adoption. A study of imaging in the Medicare population before 2001 found a negative correlation between the growing use of an imaging modality and the time since its initial introduction. The same study found that geographic regions with early adoption of imaging experienced slower subsequent increases in use compared with regions with later adoption of the same technologies. 27 A similar pattern emerged in our study. Patients with lymphoma had the most CT scans of any cancer group at the beginning of the study period and experienced the slowest increase in use during the study period. Similarly, patients with lung cancer had the most MRI scans in 1999 and experienced the slowest increase in MRI use during the study period. Positron emission tomography was still relatively new during the study period and underwent rapid increase in use throughout the study period, suggesting that PET use in the Medicare cancer population has not reached market saturation.
Although imaging costs have increased rapidly, as of 2006 they accounted for a small fraction of total Medicare cancer costs, making up less than 6% of total costs in all cancer types. Nevertheless, the federal government has been cautious about increases in imaging costs. The health reform legislation enacted by Congress in March 2010 aims to reduce imaging expenditures by reducing payment for imaging tests. The effects and consequences of legislative efforts to control medical imaging rates and costs among Medicare beneficiaries will likely become an increasingly active area of research.
Our study has some limitations. The analysis relied on claims data to identify incident cases. Although codes for leukemia in the International Classification of Diseases, Ninth Revision, Clinical Modification, distinguish between new and relapsed cases, information about the diagnosis of new-onset vs recurrent cancers was not available for other cancer types. Therefore, some incident cancers included in the study may represent relapsed cases. The analysis included imaging studies performed for any reason among patients with a recent diagnosis of cancer, and thus reflected imaging in these patients for both cancer and non-cancerrelated purposes. Costs for noninjectable prescription drugs are not included in the Medicare standard analytic files, so the costs of oral prescription medications such as oral chemotherapy or supportive medications (eg, medications for nausea or pain) are excluded. Medicare reimbursement of PET for use in leukemia was not approved until 2005, which is reflected in the minimal use of PET imaging in these patients before 2003. Use of PET in leukemia before 2003 likely reflects non-cancer-related indications in neurology or cardiology. 30, 31 A lack of data regarding stage and severity of disease at diagnosis prevented assessment of relationships between imaging and outcomes. In addition, it is possible that changes in screening or early diagnosis may have resulted in changes in imaging rates or costs during the study period. However, observation of similar trends in imaging across multiple cancer types makes this an unlikely explanation of the results.
CONCLUSION
Imaging costs among Medicare beneficiaries with cancer increased from 1999 through 2006, outpacing the rate of increase in total costs among Medicare beneficiaries with cancer.
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